Hyperon-nucleon interactions serve as basic inputs to studies of hypernuclear physics and dense (neutron) stars. Unfortunately, a precise understanding of these important quantities have lagged far behind that of the nucleon-nucleon interaction due to lack of high precision experimental data. Historically, hyperon-nucleon interactions are either formulated in quark models or meson exchange models. In recent years, lattice QCD simulations and chiral effective field theory approaches start to offer new insights from first principles. In the present work, we contrast the state of art lattice QCD simulations with the latest chiral hyperon-nucleon forces and show that the leading order relativistic chiral results can already describe the lattice QCD data reasonably well. Given the fact that the lattice QCD simulations are performed with pion masses ranging from the (almost) physical point to 700 MeV, such studies provide a highly non-trivial check on both the chiral effective field theory approaches as well as lattice QCD simulations. Nevertheless more precise lattice QCD simulations are eagerly needed to refine our understanding of hyperon-nucleon interactions. *
I. INTRODUCTION
Baryon-baryon (nucleon-nucleon, hyperon-nucleon, hyperon-hyperon) interactions play fundamental roles in microscopic studies of nuclear physics and astro-nuclear physics [1, 2] . Many outstanding issues in these fields, such as the existence of the H-dibaryon [3] , the large charge symmetry breaking in 4 Λ H and 4 Λ He [4] and the hyperon puzzle for neutron stars [5] [6] [7] [8] , are due at least partly to the difficulty in calculating them from first principles and partly due to the scarce experimental data on hyperon-nucleon (Y N) scattering in the low energy region. Conventionally, Y N interactions are constructed in either quark models or meson-exchange models. Their connection to the underlying theory of the strong interaction, QCD, however, is not very transparent. In the past two decades, studies based on lattice QCD and chiral effective field theory (ChEFT) have made remarkable progress and provided new insights on these rather old but extremely important quantities.
As a brute force numerical solution of QCD, lattice QCD can in principle solve low-energy strong interaction physics from first principles. In practice, there are still many issues to be solved.
For instance, until very recently, lattice QCD simulations are usually performed with larger than physical light quark (i.e., pion) masses. On the other hand, for simulations at the (almost) physical point, statistical uncertainties become increasingly large [9] . ChEFT, being also model independent, relies on either experimental data or lattice QCD simulations to better constrain the relevant low energy constants (LECs). Lack of such information can result in considerable uncertainties in the constructed potentials.
In the present work, we contrast the latest chiral Y N interactions with the state of art lattice QCD simulations. In Sec. II, we briefly explain the general features of the relativistic chiral Y N interactions. Then we contrast them with the three lattice QCD simulations of Refs. [10] [11] [12] and we show that the agreement seems to be reasonable, though some discrepancies remain. We stress that such agreements provide a highly nontrivial check on the ChEFT approaches as well as lattice QCD simulations. Then we end with a short summary.
II. HYPERON-NUCLEON INTERACTIONS IN CHIRAL EFT
Up to now, three ChEFT approaches have been explored to study the Y N system. The PecsGroningen group used the KSW (Kaplan-Savage-Wise) approach to study the strangeness S = −1 Y N interactions up to next-to-leading order (NLO) [13] . However, the KSW approach is known to suffer from slow convergence in the nucleon-nucleon NN sector [14] . The Bonn-Jülich group used the heavy baryon (HB) approach, which has achieved remarkable successes in the NN sector [15] [16] [17] , to study the strangeness S = −1 and S = −2 systems up to NLO [18] [19] [20] [21] [22] , and the S = −3 and S = −4 systems at leading order (LO) [23] . Recently, the Beijing-Chengdu group has proposed a covariant power counting scheme to study the NN [24] and strangeness S = −1 Y N systems [25] . The main features of this new approach are that the small component of the baryon spinor is retained and a relativistic scattering equation (i.e., the Kadyshevsky equation) is solved to iterate the baryon-baryon potentials. It is shown that already at LO, this new formalism can describe the NN phase shifts and Y N cross sections fairly well, comparable with the NLO HB approach.
Here we would like to briefly summarize the essential ingredients of the relativistic ChEFT approach for baryon-baryon interactions. Details can be found in Refs. [24, 25] . The LO baryonbaryon potentials consist of non-derivative four-baryon contact terms (CT) and one-pseudoscalarmeson exchange terms (OPME). The corresponding Lagrangian for the CT reads,
where tr indicates the trace in flavor space (u, d, and s). Γ i are the elements of the Clifford algebra.
B is a 3 × 3 traceless matrix collecting the ground-state octet baryons. The OPME Lagrangian is
where
and D and F are the axial vector couplings. Γ µ and u µ are the vector and axial vector combinations of the pseudoscalar-meson fields and their derivatives,
, and the traceless matrix φ collects the pseudoscalar-meson fields.
In the derivation of the baryon-baryon potentials, the complete baryon spinor has been used,
, while a non-relativistic reduction of u B is employed in the HB and KSW approaches. In addition, the coupled-channel Kadyshevsky equation is solved to take into account the non-perturbative nature of the baryon-baryon interactions,
where √ s is the total energy of the two-baryon system in the center-of-mass frame and E n,ν ′′ =
The labels ν, ν ′ , ν ′′ denote the particle channels, and ρ, ρ ′ , ρ ′′ denote the partial waves. In numerical evaluations, the potentials in the scattering equation are regularized with an exponential form factor,
A rather good description of the ΛN and ΣN cross sections was achieved in Ref. [25] with a cutoff Λ F = 600 MeV. In the present work, we contrast the results of Ref. [25] with the three lattice QCD simulations of Refs. [10] [11] [12] . These will provide a highly non-trivial check on the potentials obtained there.
III. HYPERON-NUCLEON INTERACTIONS IN LATTICE QCD SIMULATIONS
Lattice QCD simulations of the NN and Y N interactions are mainly being pursued by two collaborations, i.e., the HAL QCD collaboration and the NPLQCD collaboration. The HAL QCD collaboration developed the so-called HAL QCD method to extract potentials from lattice QCD simulations, while the NPLQCD collaboration relies on the Lüscher method to obtain phase shifts or binding energies directly. At present, there are some heated discussions about the pros and drawbacks of both methods, see, e.g., Ref. [26] . In the S = −1 sector, there are mainly three lattice QCD simulations, i.e., Refs. [10] [11] [12] , which will be the focus of the present work, In Ref. [10] , the NPLQCD collaboration performed fully-dynamical lattice QCD simulations of Λn and Σ − n scattering lengths and phase shifts in the 1 S 0 and 3 S 1 channel at three pion masses and six center-of-mass momenta. The simulations were carried out with the lattice configurations detailed in Ref. [27] . The corresponding pseudoscalar and baryon masses (in units of MeV) [27] are collected in Table I . [27] . The first error is the statistical uncertainty and the second is determined by the lattice spacing. Those denoted by stars were used by the NPLQCD Collaboration [10] . [28] . The first error is the statistical uncertainty and the second is determined by the lattice spacing. Those denoted by stars were used by the HAL QCD Collaboration [11] . MeV. The details of the lattice QCD configurations can be found in Ref. [28] . In Table II, MeV), though with rather large statistical uncertainties.
IV. RESULTS AND DISCUSSION
In Refs. [10, 11] , the lattice QCD simulations are performed with larger than physical light quark masses (i.e., pion masses). Only in Ref. [12] , simulations are performed with an almost physical pion mass. In ChEFT studies, one normally assumes that the LECs are quark mass independent, therefore all the quark mass dependence comes form that of the masses of the interacting baryons, as well as the exchanged mesons 1 . Once the dependence is known, one simply performs a chiral extrapolation to extrapolate lattice QCD simulations performed at unphysical light quark masses to the physical point. Such a procedure has turned out be quite successful in the one-baryon sector, see, e.g., the baryon masses [31, 32] . Similar studies have been performed in the baryon-baryon sector [33] . Nevertheless, as known in the one-baryon sector, even at nextto-next-to-next-to-leading order, the validity of BChPT is somehow limited to up to m π ∼ 500
MeV. In principle, it is not clear whether one can apply the LO ChEFT to extrapolate the LQCD simulations of Refs. [10, 11] In the present work, we fix the pion mass dependence of the kaon(eta) and octet baryons by fitting to the n f = 2 + 1 PACS-CS and LHPC lattice QCD data using the LO and NLO chiral for the LHPC configurations.
The octet baryon masses up to the second order in the chiral expansion read,
B .
At O(p 2 ) the tree level contribution provides the LO SU(3)-breaking corrections to the chiral limit octet baryon mass 
962.32 −0.22809 0.038183 −0.15768 B,φ can be found in Ref. [31] . The LECs can be determined by a leastsquares fit to the baryon masses given in Tables I and II and are tabulated in Tables III and IV. Before comparing the ChEFT results with the lattice QCD simulations, we point out that in Ref. [25] , one obtained the best description of the experimental data at a cutoff of 600 MeV and Engelmann et al. [36] , and Eisele et al. [37] . uncertainties. This may not be a complete surprise because of the following two reasons. First, the lattice QCD simulations are performed not only with larger than physical pion masses (the smallest one being 354 MeV) but also with relatively large laboratory momentum (the smallest being 357 MeV/c). Particularly, in Ref. [25] , only the scattering data with P lab ≤ 300 MeV/c were fitted. Second, the ChEFT study is only a LO study. One probably needs to go to the NLO to properly describe the NPLQCD data. One caveat in the above comparison is that we used the LO/NLO BChPT to describe the light quark mass dependence of the pseudoscalar and baryon masses, which may not be able to completely describe the lattice QCD data (e.g., the finite volume effects). However, we have checked using the baryon masses provided by the lattice QCD collaborations themselves does not lead to appreciable differences.
In Fig. 4 , we compare the ChEFT predicted phase shifts with the HAL QCD results of Ref. [11] .
For E cm < 40 MeV, which corresponds to P lab ≤ 506 MeV/c (m π = 570 MeV) or 527 MeV/c (m π = 700 MeV), the ChEFT phase shifts agree with the lattice QCD data within uncertainties.
For larger E cm , the ChEFT phase shifts decrease faster the lattice QCD results. Again, this might 
V. CONCLUSION
We have extrapolated the hyperon-nucleon interactions in the relativistic chiral effective field theory to unphysical pion masses. Using the next-to-leading order (leading order) chiral perturbation theory to describe the light quark mass dependence of the octet baryons (the kaon/eta), we found that the predicted phase shifts at unphysical light quark masses are in reasonable agreement with the lattice QCD simulations, particularly with those of the HAL QCD collaboration at small laboratory momenta. Nevertheless, some discrepancies remain, which call for higher order studies in the chiral effective field theory approaches. 2 It should be noted that the Jülich04 and NSC97f results are in fact for Σ + p, not for Σ − n. We have checked that the Coulomb effects are small and do not alter the qualitative comparison shown here.
It should be stressed that the present study better be viewed as of exploratory nature. Once more refined lattice QCD studies become available, one may work out the relativistic chiral forces up to the next-to-leading order and study theoretical uncertainties more carefully. Nevertheless, the present study provides a highly non-trivial check on the relativistic chiral hyperon-nucleon interactions.
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